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INTRODUCTION 1
The hypothalamic-pituitary-gonadal (HPG) axis is tightly regulated throughout 2 development to ensure the proper timing of puberty onset and attainment of fertility. Metabolic 3 cues play a critical role in this regulatory process by modulating the release of kisspeptin and/or 143 though there are also PMV glutamatergic neurons that do not express PACAP. We used Discussion 180 181
In this study, we have shown that a large percentage of PMV neurons express PACAP (and 182 glutamate), which modulates fertility, estrous cycle, and puberty onset through neuromodulatory activity on kisspeptin neurons. The most striking finding is that deletion of PACAP from the PMV 184 of adult female mice leads to >50% reduction in fecundity, a novel role for the neuromodulator 185 specific to the PMV. Previous work has shown that PACAP is critical for fertility in whole body 186 animal knockouts or in whole brain injection studies 13,27,28 , but the mechanism and localization of 187 action underlying this important effect remained unknown. This is the first study to show that a 188 small population of hypothalamic glutamatergic LepR-expressing and PACAPergic neurons 189 must express PACAP for normal timing of puberty onset and fertility in female mice. neurons, present only in females and critical for ovulation 31 .
202
As described above, PACAP has been documented to mediate the action of leptin 4,6,27 .
203
Circulating levels of leptin are essential to allow gonadotropin release 32 and, as such, acute 204 decreases in circulating leptin during fasting or undernourishment lead to hypogonadotropic 205 hypogonadism. In this study, removal of PACAP from leptin-responsive neurons blunted the 206 ability of exogenous leptin to increase LH levels after fasting, but direct deletion of PACAP from 207 the PMV did not, suggesting that PACAP from the PMV is only partially necessary for the 208 normal permissive role of leptin on the gonadotropic axis. We surmise that other factors 209 (neuromodulators or neurons), or other leptin-responsive, PACAP-expressing regions of the 210 brain, such as the VMH or supramammillary nucleus are likely involved in the transmission of 211 the reproductive role of leptin 33 .
213
Because PACAP is expressed in the gonads and other peripheral tissues, we were concerned 214 for potential deletion of PACAP from those areas. Though we used a mouse (LepR-i-cre) that 
224
Our present studies suggest that PACAP neurons in the PMV respond to leptin but may not be 225 the only PACAP neurons to translate energy status information onto the reproductive centers-226 at least in females. These neurons may be a conduit to, or act in combination with other leptin- 
264
Within ARC kisspeptin neurons, the direct response to PACAP is specific to regional clusters of the 
276
Together, these data indicate the neuromodulatory role of PACAP in the HPG axis is likely more 277 subtle than the steroid hormone feedback, but remains important in its function.
279
In summary, we document the first evidence of a role for PACAP from the PMV in ovulatory 280 cycling and subsequent fertility in females, which is required for normal reproduction activity.
281
PACAP may also contribute to the reproductive role of leptin through the activation of 
297
For electrophysiologic studies, female mice between age 5 and 12 weeks were used. All cre-298 driver and cre-reporter mice were used in the heterozygous state. All transgenic mice were 299 maintained on a mixed background and have been described previously, except for the pacap- 
